
REPORT DOCUMENTATION PAGE AFRL-SR-BL-TR-00- 

Public reporting burden (or thn collection of information n estimated to average t hour per re^pon« mcludir, 
gathering and maintaining the data needed, and completing and reviewing the collection of information Senc 
collection of information, including iugg«tiom for reducing thu burden to Waihmgts» Heaidqilrtea Service 
Dav» Highway. Suite 120«. Arlington. VA I22a2-*JQ1. and to the Office of Management and Budget Pai 

PdCpC? 
I Budget. Paperwo' 

reel. 
' thii 
rion 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
April  26,1999 

3. REPORT   iTKt   AND DATES COVERED     " 
Final Technical  Report;   3/1/98-11/31/98 

4. TITLE AND SUBTITLE 

Measurements   Pf Skin Friction  in Channel Flow 

6. AUTHOR(S) 
Lawrence  Sirovich and  Sture    Karlsson 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Division of Applied Mathematics 
Brown University 

182 George  Street 
Providence,   RI    02912 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

AFOSR/NA 
801  North Randolph  St. 
Room  732 
Arlington,   VA    22203-1977 

11. SUPPLEMENTARY NOTES 

5.  FUNDING NUMBERS 

F49620-98-1-0294 

8.  PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 

13. ABSTRACT (Maximum 200 words) 

See Attached 

12b. DISTRIBUTION CODE 

14. SUBJECT TERMS 

17.   SECURITY CLASSIFICATION 
OF REPORT 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

19.    SECURITY CLASSIFICATION 
OF ABSTRACT 

NSN 7510-01-280-5500 

15. NUMBER OF PAGES 

1 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

Standard Form 298 (Rev   2-89) 
Pre«nb^  by   ANSI   Std    /J9-18 



Final Programmatic Report 

Air Force Contract F49620-98-1-0294 
Account No: 5-21044 

Measurements of Skin Friction in Channel Flow 

The purpose of these experiments have been to measure the effect of passive 
means for affecting the skin friction in channel flow.   Early measurements indicated that a 
semi-random distribution of chevrons with a thickness of 5 to 6 wall units could reduce 
the overall friction in the channel by as much as 12 %, whereas the same type of chevrons 
uniformly spaced increased the channel friction by 20%. The measurements where these 
results were obtained were made in a portion of the channel that had not yet reached fully 
developed channel flow properties. 

About 9 months ago the channel length was extended to the maximum length 
allowed by space restrictions in the building housing the experiment. This gave a total 
length of the channel of 432 half heights which is sufficient for a 4 m section where all 
aspects of the flow exhibit fully developed behavior. Measurements in this portion of the 
channel indicate that there is no measurable friction reduction for the case when chevrons 
are distributed in a semi-random manner. But there is also no drag increase in spite of the 
rather large roughness profile presented by the chevrons.   Hence, it is clear that this 
particular distribution of chevrons have a strong influence on the drag producing process 
in the viscous sublayer region of the channel flow. This clearly calls for further 
experimentation with variations in the detailed geometry of the chevrons to map out this 
effect in a rational way with the objective of finding an optimal configuration. 

We are now preparing the channel for experiments with uniformly distributed 
chevrons that previous measurements have shown to produce a substantial drag increase. 
We anticipate that this will persist in the fully developed flow case. Because an increase in 
drag implies an enhanced capability for heat transfer, this behavior also has important 
technical significance, suggesting the need for further investigations. 

Our experiments have in the past from time to time been plagued by small 
variations in the line voltage which resulted in significant fluctuations in the mean flow rate 
provided by the fan.   By replacing the previous AC electric drive motor with a DC motor, 
this problem has essentially been eliminated. 

We have also modified the inlet section of the channel, the connection between the 
fan and the channel.   Instead of screens in the diffuser section we have put in guide vanes 
that substantially have improved its performance, increasing the maximum flow rate by 
20%. A honeycomb in the initial section of the channel eliminates large scale fluctuations 
and a movable cylinder preceding the honeycomb is used to modify the initial mean 
velocity profile.   This change was made with the expectation that a mean velocity profile 
here would decrease the distance required to obtain fully developed flow.   However, this 
was not realized. 

The results of recent measurements will be detailed in a forthcoming publication. 


